Cervical vertigo has been a controversial diagnosis for several years, and the lack of a diagnostic test is a critical problem. Musculoskeletal ultrasound (MSUS) is a real-time dynamic approach that is used to investigate the musculoskeletal and vascular systems.
Background
Vertigo and dizziness are common symptoms reported by patients, and 80% of these cases require medical intervention. Among the various causes of vertigo, the most controversial is so-called cervical vertigo, which is vertigo that is caused by neck disorders [1] . Although the term "cervical vertigo" seems out of fashion, the lack of a diagnostic test remains a critical problem that must be solved [2] . However, there is no criterion standard diagnostic method to establish whether a patient's vertigo is caused by an underlying neck condition [1] .
The presence of a joint with synovial lining between the opposing superior and inferior margins of the adjoining cervical vertebrae was first described by Dr. Luschka, and was later named Luschka's joint [3] . Luschka's joint is also known as an uncovertebral joint or a neurocentral joint because it develops from the uncinate process. Luschka's joint consists of a uncinate process situated on the upper surface from the lateral edge to the posterior side of the cervical vertebral body from C3 to C7 and its corresponding recess located on the inferolateral surface of the upper vertebral body [4] . In addition, uncinate processes are variably absent on C7 and have been described to extend to T1 and T2 on occasion [5] . The uncinate process might become larger and flatter as individuals age, losing its sharp and bony characteristics [6] . Cervical spine decompression has been performed for the proliferation of Luschka's joint during anterior or posterior cervical spine surgery, which successfully relieves the symptoms (such as vertigo) of patients with vertebrobasilar insufficiency [7, 8] . The compression or stimulation of the second segment of the VA (V2) by the degeneration or instability of cervical vertebrae might contribute to the insufficiency. V2 is transmitted by the grossly oval transverse foramina of the C6-C2 levels, and resides near the medial margin of the foramina [9, 10] and so is very close to the Luschka's joint. Therefore, this suggests that the proliferation of the uncinate process causes compression of the VA to contribute to cervical vertigo.
Musculoskeletal ultrasound (MSUS) is a real-time dynamic approach for investigating the musculoskeletal and vascular systems. A previous Doppler ultrasound study revealed that cervical spondylosis patients with vertigo had significantly lower blood flow parameters with contralateral head rotation in the left and right VA compared to patients without vertigo [11] . However, that study focused on head rotation and did not observe Luschka's joint proliferation and VA simultaneously. In this study we focused on the use of MSUS to demonstrate the relationship between Luschka's joint proliferation and vertigo in patients with suspected cervical vertigo related to VA compression for the first time.
Material and Methods

Patient selection
We used MSUS to examine consecutive patients from the PM&R, Neurology, Geriatrics Department and the Physical Examination Center of the Second Affiliated Hospital of Chongqing Medical University between March 2011 and March 2013. A total of 160 patients who met the inclusion criteria were enrolled in this study. All subjects signed written informed consent before entering the study, and the Chongqing Medical University Ethics Committee approved the study protocol. All patients underwent an MSUS examination and were divided into 2 groups based on the MSUS images. There were no significant differences between Group A and B in terms of age or sex (P=0.55).
The inclusion criteria were: patients whose chief complaint was vertigo, who were willing to provide written informed consent, and vertigo that was dependent upon correlating symptoms of imbalance and dizziness with neck pain. Exclusion criteria were other vestibular disorders based on history, examination, and vestibular function tests [12] . The exclusion criteria were: 1) patients with cervical spondylotic myelopathy (CSM); 2) patients with stenosis or insufficiency of the first, third, or forth segment of the VA (V1, V3, V4); and 3) patients with any critical condition.
MSUS examination
A Philips iU22 xMATRIX (Koninklijke Philips NV, USA) with a high-frequency linear array transducer ranging from 5 to 12 MHz was used in the current study. A qualified ultrasonographer who was blinded to the patient details and was specialized in musculoskeletal ultrasound (US) imaging and examining both sides of the extra-cranial vasculature performed all scans.
We previously reported a method for observing Luschka's joint in patients using MSUS [13] . Briefly, patients were placed in the supine position with the neck elevated by 15 cm using a pillow and rotated by 45 degrees to the contralateral side. The ultrasonic probe was placed at the medial border of the sternocleidomastoid muscle. When the longitudinal section of the common carotid artery was shown, the probe was moved slowly laterally until the VA first appeared, and was then moved up along the VA. Once the VA entered the transverse foramen, the probe was moved slightly to allow the Luschka's joint behind the VA to be observed between 2 transverse processes. Thus, the Luschka's joint lay between 2 transverse processes: the lateral margins of 2 vertebral bodies and outside the intervertebral disc. The echo of the lateral border of the uncinate process was on a straight line with the echo of the lateral margin of the vertebral body, with the VA in front of the line. The image of an uncinate process with a lateral osteophyte crossed the line and reached closer to the VA. The distance between the tip and bottom of the uncinate process was denoted by T (mm) to quantify the degree of osteophyte. Luschka's joints were measured 3 times each on the left and right side and we took the average of the 3 readings.
Next, the Luschka's joint and its relationship with the adjacent tissues, particularly the VA, were observed to assess whether there was a spur from the lateral part of the uncinate process and also to measure the osteophyte.
Peak systolic velocity (PSV, cm/s), end-diastolic velocity (EDV, cm/s), and resistance index (RI) were measured at the level of the C2-3 intertransverse process when the VA was a normal shape, and was measured at the proximal and distal part of the tortuosity in other cases. The VA tortuosity was evaluated according to the following scale [14] : Grade 1, the VA is straight; Grade 2, the VA is tortuous, but without stenosis; Grade 3, the VA is tortuous and stenosis is present.
Evaluation and statistical analysis
The data are presented as arithmetic means ± standard deviations (SDs), and were analyzed using SPSS Statistics 17.0 (IBM, NY, USA). The difference between sides and spinal levels were analyzed using chi square tests. Chi square tests were also used to evaluate the correlation between 2 variables and to calculate odds ratios (ORs). Potential confounders, including age (related degenerative changes), sex, smoking, and handedness, were used to adjust the P value using multivariate logistic regression analysis. Descriptive statistics were calculated for measurement data, including mean values, and the standard, minimum, and maximum values. Significance levels were set at P<0.05 for all statistical analyses.
Results
Assessing Luschka's joint proliferations in patients by using MSUS Luschka's joint proliferation was identified using MSUS in 76 patients in Group A. First, Luschka's joint proliferations on the right side (55) and the left side (44) of the cervical vertebrae were compared (Table 1) , and there were no significant differences between the 2 sides. Second, the presence of Luschka's joint proliferation at different sections of the cervical spine was assessed (Table 2 ). There was no significant difference among the C2/3 and C5/6 vertebrae. Next, the proliferation between any 2 cervical vertebrae was compared. Although there was no significant difference between C3/4 and C5/6, significant differences were observed between other pairs (P<0.05; (Figure 1) ; the T values were calculated and are shown in Table 3 .
Detecting the dynamic impact of Luschka's joints on the VA in real time A total of 69 Luschka's joints exhibited slight proliferation (T <3 mm), which cause Grade 1 VA tortuosity ( Figure 1B) , whereas more proliferation (T >3 mm) at the Luschka's joints potentially caused Grade 2/3 VA tortuosity (Table 4 ; Figure 1C, 1D) . Interestingly, proliferation at C4/5 and C5/6 Luschka's joints caused most of the Grade 2/3 VA tortuosity (83%, 25/30) ( Table 5) .
The hemodynamics of different parts of tortuous VA
The PSV, EDV, and RI were increased significantly at the site of VA tortuosity compared with sites proximal to VA tortuosity (P<0.001; Figure 2A , 2B). In contrast, there was no statistically significant difference between the pre-and post-VA tortuosity regions (P>0.05; Table 6 ).
The relationship between Luschka's joint proliferation and vertigo
The incidence of cervical vertigo in Group A was 59.21%, which was significantly higher than in Group B (17. Table 7 ). There was a statistically significant association between the compression of the VA caused by Luschka's joint proliferation and the symptoms of cervical vertigo (Table 8) 
Discussion
Luschka's joint contributes to the mobility and stability of spinal motion segments, and also functions to protect the intervertebral foramen contents. Luschka's joints are common sites of osteoarthritic changes, which manifest as pitting and eburnation of the articular surfaces and distortion of the uncinate process as it develops osteophytic spurring. We previously studied the reliability and validity of MSUS for observing Luschka's joint [15] . In this study, patients with cervicogenic vertigo were examined using both MSUS and 3-dimensional computer tomography angiography (3D-CTA) to assess whether there was a lateral proliferation in the Luschka's joint. Taking 3D-CTA as the criterion standard, we found that there was no significant difference between MSUS and 3D-CTA for assessing proliferation, and a good correlation and consistency were found between the 2 methods. The sensitivity, A B Previous studies demonstrated that the Luschka's joint preferentially exhibited proliferation in the lower cervical spine secondary to the relatively higher loads and stress experienced at these levels [16, 17] . Ebraheim et al. also reported that the uncinate processes were significantly higher at the C4 to C6 level compared with the C3 or C7 levels [18] . An anatomical study also revealed that the taller uncinate processes tended to be located below the C3 vertebral level, with an 8-mm mean anteroposterior length 19 . The findings of current study are consistent with these previous observations; since 76 patients with Luschka's joint proliferation according to MSUS had a higher mean age older, the Luschka's joint proliferations were not uniformly distributed, and the predilection sites were C4/5 (50.5%) and C5/6 (32.3%). These sites take the major range of motion and stress in the cervical spine.
In the current study the size of Luschka's joint proliferations were observed using MSUS. Slight lateral proliferation (T <3 Table 6 . PSV, EDV, and RI in different parts of the VA.
PSV -peak systolic velocity (cm/s); EDV -end diastolic velocity (cm/s); RI -resistance index; VA -vertebral artery; Pre -pre-tortuosity; Post -post-tortuosity; Tor -VA tortuosity. * P<0.001. Group A1+B1 (n=60) Group A2+B2 (n=100) 160 37.50 Table 7 . The relationship between Luschka's joint proliferation and cervical vertigo.
Luschka's joint proliferation
a, "+" means T ³3 mm; b, "-" means T <3 mm or no proliferation on Luschka's joint. Table 8 . The proportion of patients with or without cervical vertigo according to VA tortuosity.
a, "+" means the VA tortuosity caused by Luschka's joint proliferation was Grade 2 or 3; b, "-" means the VA tortuosity was Grade 1 (no proliferation on Luschka's joint or proliferation with VA Grade 1). VA -vertebral artery.
104 mm) accounted for 80% (80/99) of cases, and moderate and severe proliferation (T >3 mm) accounted for the remaining 20%. Since proliferation might impinge on anatomical structures in the vicinity, we investigated the relationship between the size of Luschka's joint proliferation and VA tortuosity using MSUS for the first time. The results demonstrated that moderate and severe proliferation might be related to Grade 2/3 VA tortuosity. A recent study revealed that the vertebral artery was more likely to be compressed by proliferation from the uncinate process than from the zygapophysial joints [20] . However, we found that proliferation from C4/5 and C5/6 Luschka's joints accounted for most of the Grade 2/3 VA tortuosity (83%, 25/30).
Doppler US has become the first choice for evaluating the extracranial part of the vertebral artery because the degree of the stenosis can be identified with high accuracy, particularly when experienced physicians perform the examinations [21] . In the current study we used MSUS Doppler sonography to measure blood flow of the VA and Luschka's joint proliferation in real time. We found that PSV, EDV, and RI were increased significantly at the site of VA tortuosity compared with pre-VA tortuosity sites, consistent with a report by Jargiello et al. [22] ; however, there was no statistically significant difference between pre-and post-VA tortuosity regions. A previous study reported that blood flow parameters with the head in a neutral position were similar in cervical spondylosis patients with or without vertigo. However, cervical spondylosis patients with vertigo had statistically significantly lower blood flow parameters in the left and right vertebral arteries with contralateral head rotation compared with cervical spondylosis patients without vertigo and control subjects [11] . Zhang et al. reported that the VA diameter, PSV, and variance index (VI) of the tortuous vertebral artery were increased. Compared with pretortuosity, the post-tortuous VI was also increased [23] . The increased VI represented the decrease in mean VA blood flow velocity, which caused hypoperfusion; however, PSV was increased at the site of VA tortuosity. In addition, the authors suggested that vertigo might be caused by hypoperfusion of the VA [23] . In the current study, to ensure patient safety, head rotation was not permitted, and VI was not measured as part of a routine US examination. Nevertheless, we performed a study in rhesus macaques to observe the atlanto-axial artery hemodynamics during cervical spine manipulation using Doppler US, and the results are ready to publish.
VA compression due to Luschka's joint proliferation can lead to clinical symptoms of vertebrobasilar insufficiency [24] . In most cases, VA compression that is significant to cause symptoms occurs dynamically with various head positions [20, 25] . Luschka's joint proliferation is the main cause of V2 mechanical compression, which ultimately leads to the onset and increasing severity of VBI; vertigo might occur as part of this pathological process [26] . A case report revealed that a cerebellar infarction originating from VA stenosis was caused by a right hypertrophied C5-C6 uncovertebral joint [25] . In the current study, patients with VA compression that was caused by Luschka's joint proliferation had a 2.94-fold increased risk of experiencing cervical vertigo. Specifically, 59.21% of patients with Luschka's joint proliferations detected using MSUS complained of cervical vertigo, and this proportion was much higher than in patients who did not have cervical vertigo. Eleven patients (11/27) with obvious VA compression had no symptoms of vertigo, which might be caused by a sufficient collateral compensative capacity.
Limitations
There are a number of limitations to the current study that must be acknowledged. Firstly, the medical history did not include details about working at a desk, the amount of exercise, and smoking, which might be risk factors for Luschka's joint proliferation, and these parameters were not included in the analysis. In addition, the apparatus software measured only PSV, EDV, and RI automatically; however, other hemodynamic parameters, such as mean velocity (VM), VI, and pulsatility index (PI), were not calculated. In addition, to ensure patient safety the subject's head was deliberately not turned to either side, which might have contributed to the negative effect of Luschka's joint proliferation on the VA. Moreover, multivariate logistic regression analysis was not used in this case-control study, which might decrease the strength of the results.
Conclusions
In summary, for the first, we used MSUS to assess the relationship between Luschka's joint and the VA. The contribution of VA compression caused by Luschka's joint proliferation to cervical vertigo in patients was investigated for the first time.
Patients with VA compression caused by Luschka's joint proliferation had a higher risk of experiencing cervical vertigo. The current study diagnosed and measured Luschka's joint proliferation, and the data revealed that it might contribute to VA compression and cervical vertigo. MSUS is a real-time and noninvasive technique that can be used to locate and observe Luschka's joint and VA during research and clinical applications. In future practice MSUS could be used as a diagnostic tool in patients with suspected cervical vertigo.
